Purpose: In osteoarthritis the cartilage of joints is damaged, but also bone changes take place such as the formation of osteophytes and thickening of the subchondral bone plate. The dynamics of these bone changes are as yet unclear. Using in vivo micro-computed tomography (micro-CT) it is possible to follow bone remodeling over time in 3D and we applied this technique to study changes in the thickness of the subchondral bone plate after induction of osteoarthritis in mice. Methods: Following the approval of the animal ethics committee, we used male C57Bl/6 mice, aged 16 weeks. To induce osteoarthritis, 10U of highly purified bacterial collagenase (Sigma, St Louis, MO) was injected into the right knee intra-articular space, whereas the contra lateral left knee served as a control and was injected with saline. We monitored changes in thickness of the subchondral bone plate of the tibia over a time period of 14 weeks in a group of mice (n=8) that were scanned in an in vivo micro-CT scanner (Skyscan 1076, Skyscan, Belgium) at 0, 2, 4, 6, 10 and 14 weeks after induction of osteoarthritis.
Other groups of mice were used for histological analysis. The first scan results as presented here represent timepoints 0, 4 and 14 weeks. After scanning and segmentation of the grey scale images the thickness of the subchondral bone plate in the epiphysis of the tibia was calculated using the software package 3D-Calc. MIRIT software was used to align consecutive scans within one animal. Mice in the histology groups were euthanized at the indicated time points and knee joints were formalin-fixed, embedded in methyl methacrylate and sectioned. TRAP staining was performed to visualize osteoclastic activity. Results: Consecutive scans were aligned to visualize the bone changes within one animal in a quantitative manner. Subchondral bone thickening below the calcified cartilage layer and osteophyte formation were observed in the collagenase-injected joints. In the contra lateral saline-injected control joints these processes were not observed (figure 1). Quantitative analysis showed that the subchondral bone plate became thinner 4 weeks after the collagenase injection both at the medial and lateral side of the tibial plateau, but after 14 weeks a remarkable recovery was observed and thickness increased again. Histological sections at T=4 weeks after collagenase injection were analyzed for the presence of osteoclasts to see whether this corroborated the observed initial thinning. A marked invasion of osteoclasts was observed directly underneath the subchondral bone plate in collagenase-injected joints. Fig. 1 . Aligned in vivo micro-CT scans of consecutive time points from saline and collagenase-injected knee joints within one animal. Arrowhead: osteophyte, white arrow: subchondral bone plate thickening, grey arrows: ectopic calcifications.
Conclusions:
We used in vivo micro-computed tomography to monitor subchondral bone plate remodeling in osteoarthritic knee joints of mice. After osteoarthritis induction, initial thinning caused by increased resorptive activity was followed by subsequent thickening lateron. The cause for the increased bone formation rate is as yet unknown, current analysis of the other timepoints should give more information about where the switch from osteoclastic resorption to bone apposition took place.
Poster Presentations
These data indicate that changes in thickness of the subchondral bone plate in post-traumatic osteoarthritis as modeled here develop in a biphasic manner, with initial thinning followed by subsequent thickening. 
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